Background -Skeletal muscle twitch responses may be transiently increased by previous contractions, a phenomenon termed twitch potentiation. The aim of this study was to examine the extent and time course of diaphragmatic twitch potentiation and its relationship to both the magnitude and duration of the preceding voluntary diaphragmatic contraction. Methods -Twitch transdiaphragmatic pressure (PDI) was measured in six normal subjects, before and after voluntary diaphragm contractions of 100%, 75%, 50%, and 25% of maximum PDI (PDImax) sustained for five and 10 seconds. Results -Twitch PDI was significantly increased after 100%, 75%, and 50% contractions. Following maximal contractions sustained for 10 seconds the mean increase in twitch PDI was 52%. Following 50% contractions sustained for five seconds the mean increase in twitch height was 28%. In all runs twitch PDI returned to rested levels within 20 minutes. Conclusions -Twitch potentiation can be substantial, even following submaximal contractions, and must be taken into account when twitch pressure is used to assess diaphragm contractility.
Six normal men aged 31-45 years were stud ied. Subjects gave informed consent and th( protocol was approved by the hospital ethic committee. In order to determine PDImax, PD: was displayed on an oscilloscope for the subjec to view. The subject was then encouraged tc perform a maximal inspiratory manoeuvre frorr FRC against a closed airway. On subsequen occasions subjects generated 100%, 75%,50% or 25% of their PDImax for either five or 1( seconds. Each subject performed each of the eight sustained inspiratory efforts. Five seconc runs and 10 second runs were performed on separate days. The four graduated efforts were performed in random order with one hour separating inspiratory efforts. On each occasion subjects rested for 30 minutes and then received five twitches to establish baseline twitch PDI. Following the voluntary contractions subjects received 20 twitches during the subsequent 20 minutes commencing 30 seconds after the contractions.
In two further studies the phrenic nerves were stimulated percutaneously at the posterior border of the sternomastoid muscle at the level of the cricoid cartilage by two pairs of bipolar surface 
Results
The mean rested baseline twitch PDI was 29-5 cm H2O (range 19-4-38&4). The mean within occasion coefficient of variation of the baseline twitch PDI was 5% (range 4 2-6%). The mean PDImax was 140 5 cm H20 (range } 110-157). The mean ratio of twitch PDI to PDImax was 0-205 (range 0 175-0-25). Twitch PDI increased following maximal and submaximal voluntary contractions. Figure 1 illustrates rested baseline twitches and subsequent twitch response 30 seconds after a five second PDImax in one subject. Results for twitch PDI 30 seconds after voluntary contractions are shown in the table. 20 Following maximal, 75%, and 50% contractions twitch PDI was significantly increased. Whilst the increase in twitch PDI failed to achieve significance for the group following 25% contractions, analysis of individual data revealed that twitch PDI was significantly raised (p<O05) in four of the six subjects following e five second 25% contractions and in three subs jects following 10 second 25% contractions. Figure 2 shows the mean increase in twitch t height following 10 second maximal contractions. Twitch height was significantly raised a until 14 minutes. Results for the group are t illustrated in fig 3. For all runs twitch PDI , returned to control levels in 20 minutes.
II
In the two subjects stimulated electrically the e mean increases in twitch PDI following five I second PDImax manoeuvres were 40% and 
101-
are 4 shows the return of twitch PDI contraction is also associated with a con-1 values following a PDImax man-siderable increase in twitch PDI. Our results one subject stimulated electrically. suggest that for sustained diaphragmatic contractions the intensity is the major determinant of the degree of potentiation rather than durDn ation. Twitch PDI returned to rested values y illustrates the magnitude of twitch within 20 minutes following voluntary diaon following a maximal dia-phragmatic contractions in all subjects. ic contraction; the mean increase in Could the potentiation be an artefact of the I was 52%. Perhaps more importantly form of phrenic nerve stimulation? We do not hown that submaximal diaphragmatic believe this is the case for the following reasons.
(1) In the two subjects stimulated electrically the mean increases in twitch PDI following the PDImax were 40% and 26%. Using magnetic stimulation in the same subjects twitch PDI increased by 41% and 30% respectively. ( In our laboratory we rest subjects for 20 minutes after positioning balloon catheters before making twitch PDI measurements to avoid potentiated twitches. Other workers have suggested shorter rest times'9 but we would argue that these investigators underestimated the time for recovery due to the variability of their data.
It should be noted that a single supramaximal twitch produces approximately 20% of PDImax; in a rested normal subject during tidal breathing the force generated by the diaphragm is often less than 5% of PDImax. Therefore it is likely that a single supramaximal twitch will have a potentiating action. Indeed, we have often observed that the first two or three twitches performed after a 20 minute rest are of reduced amplitude when compared with the subsequent series of twitches. For this reason when we measure twitch PDI, as the mean of a series of twitches, we perform single twitches at fixed time intervals, typically 30 seconds apart, discarding the first three twitches. We believe this eliminates variability in twitch PDI resulting from changing levels of "twitch on twitch" potentiation.
The degree of potentiation observed in this study following maximal activation was large; increases in twitch amplitude greater than 50% were observed. The twitch appeared in all runs to return to control values within 20 minutes. It is possible that twitch potentiation has been underestimated in previously published studies and critical review of such studies may be warranted. We conclude that potentiation must be considered in any protocol which involves measurement of twitch pressure, particularly when measurement is made in association with vigorous inspiratory manoeuvres.
